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a  b  s  t  r  a  c  t
Introduction:  Autogenous  osteochondral  mosaicplasty  is the  most  common  cartilage  restoration  tech-
nique  in  standard  clinical  practice.  The  purpose  of  this study  was  to evaluate  the  return  to sports  9  years
after  mosaicplasty  of  the  femoral  condyles.
Hypothesis:  The  long-term  results  of an osteochondral  autograft  show  that  patients  can  regain  their
pre-injury  activity  level.
Material  and methods:  This  study  is  based  on a  series  of 25  patients  with  a mean  age  of 28.9 years  (range,
16–44  years)  who  had  stage  3  or 4 chondral  lesions  of  the  femoral  condyles  (according  to the  ICRS
or  ICRS-OCD  scores).  The  origin  of the  lesion  was osteochondritis  dissecans  (13  knees),  osteochondral
fracture  sequelae  (ten  knees),  or aseptic  osteonecrosis  (two  knees).  The  average  size of the lesion  was
2.11  ± 0.9  cm2. Ten  patients  (40%)  had an associated  procedure  during  the  osteochondral  autograft.  The
patients  were  assessed  clinically  (IKDC and  Lysholm-Tegner  scores)  and  radiographically  by  a  reviewer
independent  of  the team  of  operators.
Results:  All patients  were  re-examined  at a  mean  follow-up  of 9  years  (range, 6–15 years),  with  84% sat-
isﬁed  or  very  satisﬁed  with  the  procedure.  The  average  IKDC  was  74.5  ± 18.5  points.  The  average  Lysholm
score  was  87.3  ± 11.6 points.  The  average  Tegner  score ranged  from  6.35 ± 1.53 points  prior  to  surgery  to
5.60  ±  1.64  points  after  surgery  (P =  0.001).  The  average  loss  was  0.64  points  for  patients  whose  presurgery
Tegner  score  was  greater  than  or equal  to 7 (P = 0.019)  and 0.3 points  if lower  than  7.  The  radiologic
evaluation  of  21  patients  showed  complete  osteointegration  of  the  grafts  in 90%  of cases.
Conclusion:  The  results  of  the  femoral  condyle  mosaic  autografts  are  satisfactory,  a mean  of 9  years  after
surgery.  The  most  active  patients  lowered  their  activity  level  while  the  more  sedentary  did  not  have to
adapt  their  lifestyle.
Level of evidence:  Level  IV, retrospective  study.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Chondral and osteochondral lesions are frequent pathologies
1]. These lesions must be treated in young subjects with a high
evel of physical activity who experience pain, effusion, or locking
nee. Improving on the traditional techniques such as debride-
ent, microfractures or Pridie perforations [2,3], osteochondral
utografting has been increasingly used since the 1990s, when the
atsusue surgical technique was disseminated by Hangody et al.
4–7].
The results obtained in terms of pain, effusion and activity level
ver the short and intermediate term with the addition of hyalin
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877-0568/© 2015 Elsevier Masson SAS. All rights reserved.cartilage at the lesion site are much better than the ﬁbrous scar
tissue obtained with the above-cited traditional techniques [8,9].
Other cartilage reconstruction techniques exist such as autolo-
gous chondrocyte implantation (ACI), with or without a matrix, or
patches, which seem to provide very encouraging results [9–15].
Bentley et al. compared mosaicplasty and ACI [16]. However, in
December 2010, the French National Health Authority did not con-
clude that there was  sufﬁcient therapeutic advantage for it to be
included in article L. 162-1-7 of the Social Security Code. ACI cannot
currently be used in France. In their work for the Société Franc¸ aise
d’Arthroscopie, Versier and Dubrana [17] provided a decisional
tree for management of cartilage lesions in which mosaicplasty
is recommended for lesions measuring 1–4 cm2 in a load-bearing
area. ACI or massive autologous grafting are therapeutic solutions
designed for surface lesions greater than those studied in this series.
Autogenous osteochondral grafting has the advantage of being a
surgical technique performed in a single procedure, is moderate in






















































Fig. 1. Final aspect after grafting four plugs 6.5 mm in diameter.14 J. Cognault et al. / Orthopaedics & Trauma
ost, and is therefore the most accessible therapeutic solution for
artilage restoration in routine clinical practice [9,15].
Few studies have examined the long-term results of knee
osaicplasty [18–20]. The objective of this study was to assess the
esults at a mean of 9 years of follow-up in a continuous series of
atients operated between 2001 and 2008. The main objective of
he study was to evaluate the level of return to physical and sports
ctivities at a minimum of 5 years of follow-up after a femoral
ondyle mosaicplasty. The secondary objective of the study was
o search for any correlation between the degree of recuperation
nd the pre-injury level of activity.
We hypothesized that the long-term result of autogenous
steochondral grafting would allow the patient to return to the
re-injury level of physical and sports activity.
. Material and methods
.1. The series
This retrospective single-center study’s included patient hav-
ng undergone autogenous osteochondral graft surgery of the
nee femoral condyles more than 5 years before, without regard
o etiology. The exclusion criteria radiologically demonstrated
steoarthritis or the presence of kissing lesions on MRI, arthro-CT,
r arthroscopy. Twenty-nine patients were included.
At the last follow-up, 25 patients (six females and 19 males)
hose mean age was 28.9 ± 9.04 years (range, 16–44 years) were
eviewed. The chondral lesions were stage 3 or 4 according to the
nternational Cartilage Repair Society (ICRS) or International Car-
ilage Repair Society Osteochondritis Dissecans (ICRS-OCD) Scores
21], involving the medial condyle (20 cases) or the lateral condyle
ﬁve cases). The radiological location of the injured area was deter-
ined using a hybrid classiﬁcation combining the Cahill and Berg
lassiﬁcation [22] on the AP x-ray and the Harding classiﬁcation
23] on the lateral x-ray. The lesions stemmed from osteochondri-
is dissecans (n = 13), osteochondral fracture sequelae (n = 10), or
septic osteonecrosis (n = 2). The mean surface of the lesion mea-
ured intraoperatively was 2.11 cm2 ± 0.9 cm2 (range, 0.9–3 cm2).
hirteen patients out of 25 had already undergone surgery on the
ame knee (Table 1), including two to treat the osteochondral lesion
repositioning of the osteochondral fragment and curettage of the
esion).
.2. Surgical technique
All surgeries were performed by two senior surgeons. All the
urgical interventions began with arthroscopy, with ablation of any
oreign bodies and precise localization of the lesion.
One patient underwent the complete procedure with
rthroscopy. All the others had a mini-arthrotomy after the
rthroscopic phase. The surgical technique was identical to the one
escribed by Hangody et al. [4], and the ancillary instrumentation
sed was Mosaicplasty (Smith and Nephew). Once all the grafts
ad been placed, the regularity of the new joint surface was
hecked by palpation and mobilization of the knee (Fig. 1), looking
or mobilization with no impingement.
All plugs harvested measured between 20 and 25 mm in depth.
n all cases, the plugs were taken in the same knee as the lesion
n the following order: medial side of the trochlea, then the lat-
ral side, and ﬁnally the intercondylar notch. A mean of four plugs
range, 1–10) were harvested per knee (Fig. 2). At the beginning of
he experiment, the tendency was to harvest small plugs (4.5 mm
nd 3.5 mm in diameter). For patients with a shorter follow-up,
he plugs harvested were 6.5 mm in diameter. The objective of the
artilage repair was to cover at least 70% of the cartilage loss inFig. 2. Distribution of grafts implanted according to diameter.
the load-bearing area [6]. The percentage of coverage estimated
intraoperatively was 70 ± 6.9%. The objective of 70% coverage of
the injured surface was  achieved in 96% of the cases.
Ten patients (40%) underwent an associated procedure during
the autogenous osteochondral graft (Table 1). When axial defor-
mation exceeded 5◦ varus or valgus, a realignment osteotomy was
performed (four osteotomies). The objective of realignment was
hypercorrection between 0 and 4◦, obtained in all cases.
2.3. Recovery
Postoperative rehabilitation comprised immediate joint mobi-
lization with the amplitude limited to pain-free mobility.
Weightbearing was forbidden for 45 days, with progressive return
to weightbearing after this time. Joint acclimatization (swim-
ming and cycling) was recommended for 2.5 months, running at
4 months, and return to all activities at 6 months.
2.4. AssessmentAll patients were assessed by an independent observer;
20 patients were seen in consultation and ﬁve were contacted by
telephone. The evaluation included a clinical examination and a
subjective evaluation using the International Knee Documentation
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Table  1
The series.




1 38.1 F b1-2-3 Elmslie 20 years No
2  24.0 M b4 No Lateral meniscectomy
3  25.3 M b2 No No
4  19.0 M b4 FVO and lateral condyle
tricortical graft
8 months FVO plate removal
5  22.4 F b2 No No
6  15.8 M b4 No ATT
7  40.9 M b4b5 No Hamstrings and lateral
meniscectomy
8  44.0 M b2 No No
9  25.7 M b4 Hamstrings 1 year No
10  28.3 M b2 No OTV
11  20.0 M b2 Repositioning and ﬁxation of
chondral fragment
1 year No
12  23.2 M b2 No No
13  30.7 M b2 Hamstrings 1 year Lateral meniscectomy
14  30.4 M b2 No Lateral meniscectomy
15  41.9 M b2 Medial meniscectomy 10 years No
16  40.0 M b2 BTB revised with mamstrings 15 years and 5 years No
17  25.1 F c4 Lesion curettage-avivement 1 year FVO
18  31.1 M B2 Hamstrings 45 days No
19  40.1 F b2 Hamstrings 1 year No
20  28.7 F b2-3 Lateral meniscectomy 1 months No
21  21.3 M b2 No No
22  24.3 F b2 No No
23  22.1 M b2 No BTB and lateral meniscectomy
24  18.6 M b2b3 No No
y 1 month OTV






























Fig. 3. X-ray at 9 years of follow-up in a patient who underwent autogenous25  40.6 M b2b3 Medial meniscectom
TT: anterior tibial tuberosity; BTB: bone-tendon-bone ACL reconstruction; FVO: fe
ommittee (IKDC) [24] and Lysholm-Tegner [25,26] scores. The
atients whose pre-injury Tegner scores were higher than 7 were
onsidered athletic (16 patients).
Radiological osteo-integration was evaluated for 21 patients
four patients refused the follow-up x-ray) with standing AP and
ateral x-rays with the knee in extension, a Schuss view, and an
xial patella view with 30◦ ﬂexion.
Statistical analysis was performed using R software. The tests
sed were the Student t-test and the Pearson correlation test.
esults with a P-value less than 0.05 were considered signiﬁcant.
he small sample size did not allow us to deﬁne factors indicating
ood or poor prognosis at a mean of 9 years of follow-up.
. Results
All patients were seen at a mean follow-up of 9 ± 2.1 years
range, 6–15 years). The mean IKDC score was 74.5 ± 18.5 points
range, 37–100 points) (Table S1). The mean Lysholm score
as 87.3 ± 11.6 points (range, 63–100 points). The Tegner
core decreased from 6.35 ± 1.53 points preoperatively to
.60 ± 1.64 points postoperatively (P = 0.001). At the last follow-up,
he Tegner score was 6.21 ± 1.19 points (range, 5–9 points) in
he “Athletic” group, with a mean loss of 0.64 points (range, 0
o −4) (P = 0.019). In the “Non-athletic” group, this score was
.56 ± 1.58 points (range, 1–7 points) with a mean loss of 0.5 points
range, + 3 to −2 points) (P > 0.05). Eighty-four percent of the
atients were satisﬁed or very satisﬁed, and at the last follow-up,
0% of the patients reported that they would opt again for the
ntervention. There was no statistically signiﬁcant correlation
etween the degree of recovery in terms of physical activity and
he pre-injury level of activity.The radiological assessment of 21 patients showed complete
steointegration of the grafts in 19 cases (90%). Two patients pre-
ented stage I osteoarthritis in the compartment initially injured
ccording to the modiﬁed Ahlbäck classiﬁcation [27] (Figs. 3 and 4).osteochondral mosaicplasty of the medial condyle after revision of ACL ligament
reconstruction 2 years before (ﬁrst procedure 15 years earlier).
One patient was  reoperated three times in 7 years to remove
osteochondral sequestra, stemming from necrosis of the grafts.
Another patient presented total lysis of the graft’s subchondral
bone, with no clinical manifestation.
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Fig. 4. Arthro-CT after 9 years of follow-up in a 34-year-old female patient. She
had  undergone mosaicplasty 3 years before the mosaicplasty, a tricortical graft for






































Karataglis et al. [30] 37 37 months
(18–73 months)
38%
Kish et al. [31] 52 26,5 months
(22–36 months)
63%
Hindle et al. [32] 31 30 months ±
14.2 months
61%
Imade et al. [33] 20 25 months
(12–42 months)
64%
Ollat et al. [20] 142 96 months 30%
Krych et al. [8] 43 2–5 years 88% partial
79% complete
Harris et al. [34] 183 70%
Gudas et al. [35,36] 60 3 years Mean Tegner 7.5steotomy.
. Discussion
The main objective of this study was to assess the return to
hysical and sports activities in patients with cartilage lesions of
he femoral condyles, who underwent autogenous osteochondral
osaicplasty, after 6–15 years of follow-up. The results show a
igniﬁcant decrease in the level of physical activity at a mean of
 years of follow-up, most particularly in patients whose activity
evel before cartilage deterioration was high, due to apprehension
nd the desire to preserve the joint. Two athletic patients were truly
andicapped by pain, locking knee, or swelling.
The secondary objective was to assess satisfaction and subjec-
ive functional outcomes. The results are good and comparable
o those reported by the literature review carried out by the
ociété Franc¸ aise d’Arthroscopie (SFA) [17] and more recent series
20,28,29]. Solheim et al. [19,29] reported less satisfactory long-
erm results. A higher mean age, a higher proportion of females
nd more extensive initial lesions explain the difference in results,
ecause these three factors indicate a poor prognosis according to
heir conclusions.
The literature speciﬁcally on return to sports after mosaicplasty
s scarce (Table 2). The results presented range from 30% (SFA series
20]) to 79% (Krych et al. [8]) returning to sports activity. The popu-
ations studied and the criteria for returning to sports activities are
ighly heterogeneous.
In the SFA series, return to sports only concerns competitive
ports. Studies examining return to leisure sports present results
loser to 60% [8,31,33]) with this rate decreasing as follow-up
ncreases, as shown by Gudas et al. [35,36] with 3 and 10 years of
ollow-up. In their literature review, Harris et al. [34] found 70% of
atients resuming sports, all follow-up periods combined.Gudas et al. observed a mean Tegner score at 7 ± 0.4 at a mean
0 years of follow-up. The population studied was athletic, which
ndicates that the pre-injury sports level conditions long-term10  years Mean Tegner 7
recovery. The small sample in the present study precludes any
demonstration of this difference.
In this series, 20% of the patients would not undergo this
intervention if given the choice, motivated by the difﬁculties of
rehabilitation, particularly if the intervention involves the liga-
ments.
The limitations of the technique are well known and have been
widely described [3]. The choice of the size of the graft material is a
compromise between the curve of the grafted condyle and the sta-
bility of the grafts: small grafts (≥ 4.5 mm in diameter) are unstable
and large grafts (> 6.5 mm)  do not respect the curve of the condyles.
Samples should be taken in low-stress areas so as not to be arthro-
genic, i.e., not in weightbearing areas or in the patellofemoral joint
stress area. However, the thickness of the hyalin cartilage in the har-
vest area should be sufﬁcient to ensure function and longevity in
the grafted zone [37]. The surgical technique has therefore evolved
with the contemporary literature between the ﬁrst patients oper-
ated and more recent patients:
• increased graft size and fewer grafts to encourage stability;
• preference for the medial side of the trochlea as a harvest site, so
as to obtain a harmonious curve during large-plug grafting [18].
In patients with associated osteotomy, the beneﬁt of surgery
cannot be attributed speciﬁcally to the realignment osteotomy or
the mosaicplasty, because the population of this subgroup is too
small to be able to draw ﬁrm conclusions. Valgus tibial osteotomy
(VTO) was associated with ACI only in the study conducted by Bode
et al. [38]. VTO seems to reduce the indications for surgical revision
and increase the rate of survival in operated knees.
At the last follow-up, none of the knees presented arthritic
degeneration compared to the contralateral knee. These results
suggest that a higher level of activity could be authorized in patients
who had undergone autogenous osteochondral mosaicplasty for
isolated lesions of the femoral condyles.
The limitations of this study include its retrospective design, the
limited size of the patient sample, the heterogeneity of the asso-
ciated procedures during mosaicplasty, the absence of systematic
radiological evaluation of cartilage repair, and the absence of pre-
operative Tegner scores. Its main strengths are the homogeneity of
the indications, because these procedures were exclusively mosaic-
plasties of the femoral condyles, and the assessment of return to
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. Conclusion
The results of autogenous mosaicplasty of the femoral condyles
re satisfactory at a mean of 9 years of follow-up. However, the
nitial hypothesis is not conﬁrmed: the most sedentary patients
ecovered their previous level of physical activity, but the most
thletic patients reduced their level of sports activity.
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